OBJECTIVES: The aim of this study was to assess dietary practices and risk profile (hypertension, obesity, lipid profile and glycemic control) among people with diabetes in Al-Ain District, United Arab Emirates (UAE). METHODS: During 2006, we performed a cross-sectional study of diabetic patients attending diabetic outpatient clinics at Tawam Hospital and primary health care centers in Al-Ain District. Subjects completed an interviewer-administered questionnaire, blood pressure, body mass index, percentage body fat and abdominal circumference were measured and recorded and the most recent HbA1c levels and fasting lipid profile were identified. RESULTS: A sample of 409 diabetic patients was recruited, 50% of whom were illiterate. Only 24% read food labeling. 76% reported being unable to distinguish clearly between low and high carbohydrate index food items and no one reported counting calorie intake. 46% reported that they had never been seen by dietician since their diagnosis. Their overall risk profile, notably body weight, lipid profile and blood pressure, was very unfavorable; more than half of the study sample had uncontrolled hypertension and uncontrolled lipid profile and the majority was overweight (36%) or obese (45%). Abdominal obesity was particularly common (59%). Only 31% had an HbA1c of less than 7%. CONCLUSIONS: The dietary practices of diabetic patients in the UAE are inadequate and need improvement.
Introduction
iabetes mellitus (DM) in adults is a major worldwide health problem. Its prevalence is on the rise in many parts of the developing world in response to increasing prosperity and sedentary life styles. An example is the United Arab Emirates (UAE), which has seen enormous changes in lifestyle and wealth over the past few decades, similar to other Gulf States. The prevalence of diabetes in the UAE is rated as the second highest in the world according to the International Diabetes Federation (2007) [1] . Recently, age-standardized rates for DM (diagnosed and undiagnosed) and pre-diabetes in a population-based sample in Al-Ain were 29.0 and 24.2% respectively among 30-64 year olds [2] .
The "ABC" of diabetes control, A1c, Blood pressure (BP), and LDL-Cholesterol, involves adopting lifelong healthy lifestyle measures, in addition to any pharmacological treatment that may be required. Appropriate dietary practices are a basic and integral part treating diabetes mellitus and may reduce the development of disease complications by improving risk factor profiles. The goals of diet control are to im-prove quality of life, nutritional status and risk factors as well as to prevent the chronic complications of diabetes. It is well documented that diet control can improve glycemic control [3] and may reduce glycosylated hemoglobin (HbA1c) by 1.0 to 2.0% [4, 5] and, when used in combination with other components of diabetes care, can further improve clinical and metabolic outcomes [4, 5] . This kind of improvement in glycemic control is related both to the degree of caloric restriction and weight reduction [6] . While it is acknowledged that dietary modification can improve many aspects of type 2 diabetes including obesity, hypertension, insulin release and responsiveness, in practice, lack of dietary compliance is a major limiting factor in achieving glycemic control in type 2 diabetes. In spite of the importance of diet in the management of diabetes mellitus, diabetic patients are often unaware of its place in ensuring good glycemic control. Even in communities with a good level of education, it is well known that patients commonly fail to adhere to dietary recommendations [7] [8] [9] .
Achieving optimal glycemic control in diabetic patients has proven a real challenge to health providers in developing and developed countries alike. A Swedish survey found that only 34% of type 2 diabetes patients had good metabolic control [10] . In the UAE, the mean HbA1c of Emiratis with type 2 diabetes in primary health care settings has been shown to be 8.3%, and only 38% of patients had good glycemic control (HbA1c < 7.0%) [11] . In the UK, a study showed that only 39% patients ate within 20% of their prescribed carbohydrate intake [7] . Other studies in Mexico and Thailand showed non-compliance rates to diet of 62% and 45.7% respectively [12, 13] . To assess the current situation in relation to diet compliance and glycemic control in the UAE we decided to carry out a survey among diabetic patients in Al-Ain District of Abu Dhabi Emirate. To our knowledge, there is no previous study from the UAE addressing these issues.
Methods

Subjects
The study was a cross-sectional evaluation of diabetic patients, either type 1 or 2, attending diabetic outpatient clinics at Tawam Hospital and randomly selected primary health care centers in Al-Ain District, performed during the period from May to October 2006. Al-Ain, located in the interior of Abu Dhabi Emirate, constitutes its second largest district, with an approximate population of 500,000. Patients who had been diagnosed with diabetes for at least one year and were aged 18 years and above were selected randomly from the clinic appointment list.
After obtaining informed consent (written consent from literate patients and a verbally informed consent from illiterate patients), patients were interviewed by a trained nurse. The questionnaire was based on a review of the literature and input from local experts. It had been piloted on ten diabetic patients and modified as necessary for clarity. It provided sociodemographic data, such as sex, age, marital status, level of education (on a scale of 1-5 ranging from illiterate to university level education), occupation, and health-related parameters such as smoking status, history of diabetes, current management, eating practices and sources of nutritional information. Each interview took 25-30 minutes.
Weight and height were measured using a portable digital scale and portable stadiometer. Abdominal circumference was measured with a flexible tape over loose thin clothing (for cultural reasons). Percentage body fat was assessed using the Tanita Body Composition Analyzer TBF-300. Blood pressure (BP) (systolic and phase-V diastolic) recordings were made after the subjects had rested in the sitting position for 10 minutes using a validated electronic sphygmomanometer. Three separate readings were taken and their mean recorded. The results of the most recent investigations, such as HbA1c and fasting lipid profile measured using a Beckman Coulter DXC800 auto-analyzer (Beckman Instruments, Inc., Fullerton, California), were obtained from patients' medical records. The study was approved by the Al-Ain Medical District Human Research Ethics Committee.
Statistical Methods
Standard descriptive and analytical statistical methods for univariate and bivariate analysis, such as means, 95% confidence intervals, independent sample t-tests, and Chi-square tests for association, were used. Spearman's correlation coefficient (rho) was used as a measure of correlation. For multivariate analysis, multiple linear regression was performed with demographic, dietary and behavioral items identified beforehand. SPSS 15.0 was employed for all analyses.
Results
General
A sample of 409 diabetic patients (mean age 51.44 ± 11.2 years) was recruited (Table 1) . Of the total population, 96% had type 2 DM (Table 2) , 22% were using insulin and 98% were taking one or more oral hypoglycemic agents. 61% were female and 50% were illiterate (36% of males and 59% of females).
Dietary habits and compliance
Forty-six percent reported that they had never been seen by a dietician since their diagnosis. There was no statistically significant difference between males and females in this respect; neither was there a difference in terms of age or level of education.
Only 51% reported taking low fat or skimmed milk, and 8% used double cream milk. 42% failed to remove the fat from meat and 23% did not remove skin from chicken before cooking. There was no statistically significant effect of sex, age or education on these behaviors. In 11%, the main method of cooking was frying. Only 24% paid attention to food labeling (38% among literates and 12% of illiterates, probably read by relatives) and 76% reported being unable to distinguish clearly between low and high carbohydrate index food items. No one reported counting calorie intake. Although the majority of subjects reported that they usually eat with their family members, in only 45% of cases did family members accompany patients, who received formal dietary consultations, to diabetes education sessions.
Doctors were reported to be the best source of advice regarding diet by the vast majority of patients (95%). Dieticians, relatives, friends, mass media, internet and nurses were not considered to be the mainstream source of dietary advice.
Glycemic control
60% of our patients reported that they performed self-testing for blood glucose. Only 31% had an HbA1c of less than 7%.
The number of carbonated drinks was the only variable significantly associated with HbA1c level (Spearman's rho = 0.12, p = 0.02), although the association was weak. Non-drinkers had lower levels of HbA1c (7.85 ± 2.00) compared with drinkers (regular carbonated drink: 8.19 ± 2.24, diet carbonated drink: 8.18 ± 2.48). There was a trend towards a statistically significant positive association between the consumption of carbonated drinks and HbA1c levels. The association became significant in multivariate analysis, when we regressed HbA1c levels on demographic, dietary and behavioral variables. Then we found that, in addition to the number of carbonated drinks (beta = 0.201, p = 0.029), age (beta = -0.023, p = 0.047) and level of education (beta = -0.262, p = 0.06) had a marginal significant association with HbA1c levels. Rather surprisingly, neither measure was influenced by age or level of education.
Risk profile
Overall risk profile, particularly body weight, lipid profile, and blood pressure was very poor: more than half of the study sample had inadequate blood pressure and lipid control. (see Table 2 ). According to body mass index (BMI), only 19% of the studied sample was of normal weight; the majority was either overweight (25 < BMI < 30, 36%) or obese (BMI ≥ 30, 45%). Abdominal obesity (>88 cm for females and >102 cm for males) was present in 59% of the total sample and was more common among females (77%) than males (30%) (chi-square test, p < 0.01).
Intake of staple food (mostly derived from rice and wheat, such as pasta) was also related to blood pressure, as both the number of spoons of staple food (beta = 1.62) and BMI (beta = 0.33), as well as age (beta = 0.16), were significantly related to mean blood pressure (MBP) in a multiple linear regression analysis of MBP on age, anthropometric and nutritional variables. Multiple linear regression of BMI on sex, age, education, and various nutritional and exercise variables showed that BMI was mainly related to gender (females 4.8 kg/m 2 heavier) and the number of spoons of carbohydrate staple (rice, macaroni etc) they take (approximately 0.9 kg/m 2 heavier per daily spoon of staple (mean daily intake 3.12 spoons, SD = 0.98)).
Discussion
Although diet is the cornerstone of treatment of diabetes mellitus, patients find this area of selfmanagement difficult. Most of the dietary habits of these patients were violating good dietary advice, as is clear from the contents of their reported diets as well as from their BMI. It is unclear whether this is due to non-compliance or non-adherence, or lack of clear, comprehensible resources and guidelines. Also, many (mainly elderly) patients were illiterate, requiring guidelines to be memorized or the constant support of literate relatives. Many patients were not seen by dieticians, a situation generally obtaining in poorer countries [14] . That these problems are shared with neighboring countries is no surprise. In the similar community of Saudi Arabia, it was reported that only 40% of diabetic patients had good compliance with their diet [15] .
Self monitoring of blood glucose was also poor, consistent with earlier findings [2] . This is probably related to a lack of awareness of its importance in the management of diabetes, as there are no relevant financial barriers. While for UAE nationals the government provides glucometers, test strips, lancets and swabs free of charge, the care of persons with diabetes in the UAE is currently unbalanced. Although the latest tests and medications are available, lifestyle changes and basic diabetic education fall short of the ideal.
The main sources of dietary knowledge were generally treating physicians, with minor inputs from the family and social circle. Making the right daily choices of healthy food is challenging and needs individualized dietary prescription best delivered by a dedicated diabetes dietician. Most patients are followed up by primary care physicians and, unfortunately, the current primary health care system in Al-Ain is not based on continuity of care and accountability, but rather on rapid access without appointment to any available physician.
Our study suggests that restricting the amount of starchy staple foods could be of great importance, as this was correlated with both BMI and blood pressure. Although carbonated drinks were associated with poor control of diabetes, we do not think that there is enough evidence to recommend restricting consumption of the sugar-free variants of these beverages. Perhaps our finding may be partly due to confounding or reverse causation (e.g. patients with less well controlled diabetes are thirstier than those with well controlled diabetes, assuming that they quench their thirst with carbonated drinks). Dietary prescriptions should begin by determining the patient's dietary preferences, patterns of physical activity, social support, education level, time constraints and other challenges. It is important to individualize dietary counseling, as standardized routine counseling will fail to empower patients to self-manage their disease [16] . A dietary history is helpful in assessing caloric intake, dietary content and carbohydrate consistency. It is important to remember that the more marked the changes are from what the patient likes to eat, the less likely the patient is to comply with dietary prescription [17] .
A further possible step that could be considered to improve compliance is involving relatives. Despite the fact that most patients live and eat with their extended family, only 45% reported that their family members were involved in the dietary consultation. The engagement of family members in dietary consultation and diabetic education is essential, especially in this setting [18] . This is supported by various studies, which show that involvement of the family in patient care was strongly associated with diet, exercise and medication adherence [19] [20] [21] [22] .
As long as insufficient numbers of dieticians with in-depth knowledge of the culture and language of the UAE are available, their role should be assumed as best as possible by physicians. During follow-up visits, it is important for the clinician to ask specifically about diet and exercise to reinforce their importance. Ideally, patients should be able to quote their dietary prescriptions in detail.
Sustaining motivation is rather difficult. Achieving treatment goals such as weight reduction, better glycemic, lipid and blood pressure control, can be reinforced with appropriate feedback to the patient [23] . At the individual level, it is important to identify personal and familial barriers to adherence to prescribed diabetic diets [24] . In this respect, it may be worth remembering that patients and educators may view barriers differently [25] . Dietary workshops with small groups of patients have proven to be of great benefit in Western societies [26] . The local applicability and feasibility of this practice should be tested.
Self-monitoring of blood glucose was done by a minority of our patients (40%). Frequent selfmonitoring of blood glucose levels needs to be taught and encouraged, as it is known to be associated with better glycemic control regardless of diabetes type or therapy [27] . Self-monitoring of dietary intake and weight, as well as periodic adjustments to fit changing lifestyle patterns, is important in sustaining and promoting dietary compliance. In our setting, there are few qualified diabetes dieticians who see patients on appointment. Most patients find it difficult to be scheduled for appointments with a dietician. An integrated multidisplinary team is the best solution to improve care.
Diabetes education websites in both Arabic and English would provide a great educational resource for some diabetic patients and their family members alike. The media should be more actively involved in keeping patients well informed and up to date about their care and the importance of their condition. Currently the media play only a minor role in education.
The limitations of our study refer to the way of dietary assessment, which was based on self-reported dietary habits. The best tool to assess compliance is keeping accurate records of food intake using a diet diary. All the subjects in our study were from Al-Ain City and thus the results cannot be generalized to the whole of the UAE. This is a cross-sectional study. While this has well known limitations, it does give a clear snapshot of the current situation and may help in both developing improvements in care and in designing future prospective studies to assess those improvements. One area in need of assessment is the impact and value of locally trained dieticians on our diabetic patients.
Conclusions
This study showed that the dietary practices of subjects with diabetes are inadequate and need improvement. The number of practicing dieticians needs to be increased in Al-Ain District to meet the demands for education and sustained lifestyle changes in a growing number of diabetic patients in the city. In addition, as health education is best done in settings where real, local, food is used, selected local food items should be part of the routine dietary advice offered by the dietician.
